Fecundity and brood loss during incubation were investigated in the crangonid shrimp Crangon uritai. Changes in egg length, volume and dry weight were also studied. During embryonic development, egg length and egg volume increased by 43.5% and 69.3%, respectively, whereas egg dry weight decreased by 23.2%. Crangon uritai ovigerous females (5.61-14.11 mm CL) carried 412 to 13,824 eggs per brood, depending on their body size in both early and late stages of egg development. The reproductive output of C. uritai averaged 0.24, based on dry weight in early eggs. Brood loss through embryonic development was independent of female size and estimated to be a 5.56% loss in the number of eggs and an 8.44% loss in brood dry weight. Possible reasons for brood loss include the burrowing behavior of shrimp and increasing egg size, which results in reduced area for eggs to attach.
INTRODUCTION
The sand shrimp, Crangon uritai Hayasahi and Kim, 1999 inhabits brackish and estuarine coastal waters along the east coast of Asia. Sand shrimp are found in the Yellow Sea, northern portions of the East China Sea, the central and southern parts of the Sea of Japan, and in the Seto Inland Sea (Hayashi and Kim, 1999) . In the Dadaepo area, sand shrimp are one of the most abundant members of the macrofauna and have specialized for life on a soft substratum of sand or mud (Kim, 1987) . Sand shrimp are omnivores that feed on small invertebrates and detritus and are preyed upon by most of common fish in the area (Hanamura and Matsuoka, 2003; Nakaya et al., 2004) . Because of the ecological importance of sand shrimp to trophic energy flow, previous researchers have studied the larval development, feeding ecology, and the effect of environmental factors on growth of the species (Hanamura and Matsuoka, 2003; Li and Hong, 2004, 2007a, b; Nakaya et al., 2004) . However, little is known about their fecundity, reproductive output, or brood loss, all of which are important factors in determining the reproductive potential of a species.
Crustaceans typically are external brooders that increase egg production with increased size. Thus, there has been a considerable amount of research conducted on crustacean fecundity because of their easily observable eggs (Kosaka, 1970; Morgan, 1972; Natsukari and Iwasaki, 1987; Hines, 1988; Hong and Oh, 1989; Corey and Reid, 1991; Stella et al., 1996; Lardies and Wehrtmann, 1997; Sampedro et al., 1997; Stewart and Kennelly, 1997; Wehrtmann and Kattner, 1998; Hartnoll, 1999a, b, 2004; Wehrtmann and Lardies, 1999; Leschen et al., 2006; Oh et al., 2006; Penha-Lopes et al., 2007; Figueiredo et al., 2008a; Pavanelli et al., 2008) . Fecundity in crustaceans can be estimated by measuring the number of eggs produced, egg dry weight, or egg size. Because of the ecological importance of estimating population and life history parameters, extensive investigations have been conducted on reproductive aspects of caridean shrimps (Jensen, 1958; Mashiko, 1990; Clark et al., 1991; Corey and Reid, 1991; Clarke, 1993; Collart and Rabelo, 1996; Larides and Wehrtmann, 1997; Tahtje et al., 2004; Hartnoll, 1999a, b, 2004; Oh et al., 2006) . For Crangon, many studies have been done on its reproductive cycle and fecundity (Lloyd and Yonge, 1947; Meredith, 1952; Allen, 1960; Price, 1962; Kosaka, 1970; Tiews, 1970; Boddeke, 1982; Corey, 1987; Henderson and Holmes, 1987; Natsukari and Iwasaki, 1987; Hartnoll, 1999a, b, 2004) .
Brood loss during incubation in crustaceans is a common feature that reduces reproductive output and consequently affects reproductive potential (Perkins, 1971; Balasundaram and Pandian, 1982; Kuris, 1991; Oh and Hartnoll, 2004) . Brood loss can be caused by a variety of factors, including parasites, mechanical stress, and increased egg volume through embryogenesis (Balasundaram and Pandian, 1982; Kuris, 1991; Oh and Hartnoll, 1999; Oh and Hartnoll, 2004; Figueiredo et al., 2008a, b) . Because of the effect of brood loss on fecundity, potential fertility (the number of eggs that a female carries prior to hatching) provides a more accurate estimation of the real reproductive output and subsequent recruitment than fecundity Hartnoll, 1999b, 2004; Figueiredo et al., 2008b) . Therefore, brood loss should be considered in fecundityper-recruitment models Hartnoll, 1999b, 2004; Figueiredo et al., 2008b) . Brood mortality is typically estimated through a comparison of fecundity in the early and late stages of egg development (Perkins, 1971; Hong JOURNAL OF CRUSTACEAN BIOLOGY, 31(1): 34-40, 2011 and Oh, 1989; Oh and Hartnoll, 2004; Figueiredo et al., 2008a) .
The objective of this research was to better understand reproduction and embryonic development in C. uritai. We estimated fecundity, reproductive output, and brood loss; and documented changes in length, volume, and dry weight of individual eggs during embryonic development.
MATERIALS AND METHODS

Sampling
Ovigerous females were captured on sandy and muddy bottom substrates in Dadaepo, Busan, Korea (35u029N; 128u579E) using a shrimp beam trawl at 3-6 m depth (Fig. 1 ). Samples were fixed in 10% neutralized formalin for a day and then stored in 70% ethanol. Females were selected with the goal of obtaining a wide range of carapace lengths, and equal numbers of newly spawned (orange) and late stage (brown) eggs. In total, approximately 180 ovigerous females were selected randomly and observed.
Measurements
Wet body weight was measured using an electronic balance (OHAUS) with a precision of 6 0.01g. Carapace length (CL, from the anterior tip of rostrum to posterior-median carapace margin), total length (TL, from the anterior tip of the rostrum to the median-median margin of the telson, excluding telson processes), and egg pad length (EPL, the length of egg mass attached to the genital segment) were all measured to the nearest 0.01mm using a wild stereomicroscope (Olympus, SZ40). Embryonic stages were recorded according to developmental stages, adapted from Meredith (1952): stage I-early spawned, eggs spherical, yolk uniform; stage II-egg oblong in one diameter, larval hemisphere distinct from yolk; stage III-eye pigment visible; stage IV-pre-larval stage, large eye, pleon long and free from head, yolk very reduced. stage V-eggs hatching as larva, body usually soft, indicating recent ecdysis.
Eggs were carefully stripped from the pleon of each female with fine forceps and placed in a small Petri dish. Any setal material or extraneous matter was also removed from the eggs. A subsample of approximately 1000 eggs was taken and then the total number of eggs (EN) obtained from each female was calculated using proportions and a binocular microscope (Olympus, SZ40). The length (EL) and width (EW) (including the chorionic membrane tightly adhered to the egg surface) of 10 eggs from each egg mass were measured (6 0.01 mm) using a stereomicroscope (Olympus BX-50) equipped with an ocular micrometer. Egg volume (EV) was calculated according to the formula given by Corey (1987) :
and then averaged for each shrimp. Egg dry weight and female dry body weight were measured using an electronic digital balance (6 0.0001g) after 48 h in an oven at 60uC. Individual egg dry weight was calculated from the dry weights of the total brood. Reproductive output (RO) was determined using the dry weight of females with early non-eyed egg (early stage I and II) by applying and the formula (Clarke et al., 1991) .
RO~brood dry weight=female dry weight:
Females with eggs in late developmental stages (stages III, IV and V) were used to estimate egg loss during incubation.
Statistical Analysis
Differences in egg length, volume dry weight, and egg number were tested using an analysis of variance (ANOVA). Before analysis, all data were log-transformed in order to satisfy homogeneity of variances and distributions of residuals. When results were significant, a Tukey-HSD test was used to determine differences in the mean of pair wise embryonic stages (Sokal and Rohlf, 1995 ). An analysis of covariance (ANCOVA) was used to compare slopes (Zar, 1984) between females with eggs in early stages (stage I and II) and those with eggs in late stages (stage III, IV and V). If slopes were not significantly different, a common slope was determined and the computed elevations tested. If elevations were significantly different between early and late egg stages, reproductive loss was calculated as the difference between the new intercepts using the formula:
where a l is the intercept for the late egg stage, and a e is the intercept for the early egg stage (Oh and Hartnoll, 1999a) . Reproductive loss was measured as the number of eggs lost (brood mortality) and brood dry weight (brood loss).
Differences were significant at the 95% (P , 0.05) confidence level in all comparisons. All analyses were conducted using MINITAB (version 12.0). Fig. 2A ). Mean egg length changed less between stages IV and V (6.40%) than between all other stages (9.33-12.03%). Mean egg volume increased during embryogenesis by 69.30%, from 0.057 mm 3 in stage I to 0.097 mm 3 in stage V (Fig. 2B ), and it was significantly different among stages (F 5 19.47, P , 0.001) ( Table 1) . Mean egg volume changed less between stages I and II (10.07%) than between all other stages (10.68,21.83%). In contrast to egg length and egg volume, mean dry weight of individual eggs decreased by 23.2% from 0.0176 g in stage I to 0.0135 g in stage V during embryonic development (Fig. 2C) and was significantly different between stages (F 5 2.38, P , 0.05) ( Table 1) . The decrease in mean dry weight was greater between stage IV and V (11.11%) than between all other stages (3.78-6.08%).
RESULTS
Fecundity, Brood Mortality and Reproductive Output (RO)
The egg mass was generally located between the fourth pereiopod and fourth pleopod of females. The number of eggs per brood ranged from 412 to 13,824 (with females 5.61 to 14.11 mm CL) ( Table 2 ). EPL increased with female size (Table 2, Fig. 3 ). For both early and late egg stages, regressions between ln number of eggs (EN) and ln carapace length (CL) were highly significant (P , 0.001).
The regression slopes did not differ significantly between ln EN and ln CL for early and late stage of egg developments (F 5 1.55; P . 0.2) (Fig. 4A, B ), but elevations were significantly different after recalculating a common slope (F 5 132.5; P , 0.001) (Fig. 4C) . Results indicate that larger females do not lose more eggs than smaller females, but there were a significant number of eggs (embryos) lost between the early egg stages (stage I and II) and the late egg stages (stage III, IV and V). Brood mortality between the two egg stages, based on the common slope regressions, was 5.56%.
During early incubation (egg stages I and II), there were significantly positive regressions between ln brood dry weight and ln female dry weight (P , 0.001) (Fig. 5) . Reproductive output (6 SD), determined from individual values for all females with an early egg stage, was 0.23 6 0.02 (n 5 47).
Brood Weight Loss
The mean brood dry weight of the 178 females examined (5.61-14.11 mm CL) ranged from 5.5 to 127.8 mg ( Table 2 ). All regressions of ln brood dry weight (BDW) on ln carapace length (CL) for both early and late egg stages were highly significant (P , 0.001).
Results from ANCOVA indicated that there were no significant difference in the slopes (F 5 0.10, P . 0.7) of brood dry weight and carapace length for both early and late stages of egg development (Fig. 6A, B) . However, there were significant differences in elevation after a common slope was determined (F 5 1143.13, P , 0.001) (Fig. 6C) . These results indicate that there was a significant loss of brood weight between early and late stages of egg (Fig. 6C) . Brood loss calculated using the common slope was 8.44%, similar to results calculated for egg number.
DISCUSSION
Crangon uritai incubates relatively small eggs (stage I) when compared to other crangonids, such as C. crangon (Linnaeus, 1758) (see Oh and Hartnoll, 2004) , C. affinis de Haan, 1849 (see Natsukari and Iwasaki, 1987; and Hong and Oh, 1989) , and Philocheras trispinosus (Hailstone, 1835) (see Oh and Hartnoll, 1999a) . During embryonic development, egg length and egg volume increased, whereas egg dry weight decreased. These observations support previous findings for caridean shrimp (Wear, 1974; Lardies and Wehrtmann, 1997; Hartnoll, 1999a, 2004; Müller et al., 2003; Bingin and Samsun, 2006; Penha-Lopes et al., 2007; Figueiredo et al., 2008a; Pavanelli et al., 2008; Lara and Wehrtmann, 2009 ). The increment of egg length in the present study (43.5%) was less than that of winter eggs in C. crangon [57%] (Oh and Hartnoll, 2004) , but similar to that of P. trispinosus [40%] and summer eggs in C. crangon [48%] (Oh and Hartnoll, 1999a; . Egg volume increment [69.03%] in this study was less than that observed in other caridean shrimps (Wear, 1974; Lardies and Wehrtmann, 1997; Wehrtmann and Kattner, 1998; Hartrnoll, 1999a, 2004; Wehrtmann and Lardies, 1999; Müller et al., 2003) . However, the observed increment was within the range of 19-214% reported for snapping shrimp (Corey and Reid, 1991) , and similar to that reported for Uca rapax (Smith, 1870) [70.2%] (see Figueiredo et al., 2008b) and Alpheus armillatus Milne Edwards, 1837 [64.3%] (see Pavanelli et al., 2008) . The considerably small egg volume increment found here was consistent with those reported previously for C. crangon by Bingin and Samsun (2006) and Petrolisthes laevigatus (Guérin, 1835) by Lardies and Wehrtmann (1995) . In the present study, a significant decrease [23.2%] in egg dry weight was observed during embryogenesis, which is similar to what was reported in most previous studies (Pandian, 1967; Wehrtmann and Kattner, 1998; Oh and Hartnoll, 2004) . The decrease in egg dry weight during development reported in this study is likely related to changes in the biochemical composition of crangonid shrimp (Pandian, 1967 (Pandian, , 1970 Dworschak, 1988; Clarke, 1993; Wehrtmann and Kattner, 1998) . Decreased egg dry weight may also be the result of increased water content in developing eggs prior to osmotic rupture of the outer egg shell during hatching (Stella et al., 1996) . Several authors support this idea (Clark, 1993; Hartnoll, 1999a, 2004; Lara and Wehrtmann, 2009 ). There was a positive linear relationship between carapace length and egg pad length of ovigerous females in this study. Similar results were found in other Crangon species: C. crangon (Jensen, 1958; Boddeke, 1982; Henderson and Holmes, 1987; Hartnoll, 1999b, 2004; Bingin and Samsun, 2006) , C. affinis (Natsukari and Iwasaki, 1987; Hong and Oh, 1989) and C. septemspinosa Say, 1818 (Price, 1962) . Crangon uritai with 13,824 eggs per brood appears to be more fecund than C. allmani (Kinahan, 1857) with 7000 eggs per brood (Allen, 1960) , C. affinis with 4088 eggs (Hong and Oh, 1989) , C. crangon with 8708 eggs (Oh and Hartnoll, 2004) , and P. trispinosus with 2791 eggs (Oh and Hartnoll, 1999b) . The differences in the maximum fecundity among species may be a result of differences in female body size. Female body size is typically considered to be the principal determinant of fecundity, and previous studies on decapods have shown that larger females produced larger brood masses and had greater fecundity per brood than smaller females (Jensen, 1958; Morgan, 1972; Corey, 1987; Wenner et al., 1987; Hines, 1988; Corey and Reid, 1991; Clarke, 1993; Sampedro et al., 1997; Stewart and Kennelly, 1997; Wehrtmann and Lardies, 1999; Mantelatto, 2002; Dautov et al., 2004; Bingin and Samsun, 2006; Kostas and Maria, 2006; Leschen et al., 2006; Penha-Lopes et al., 2007; Lara and Wehrtmann, 2009) .
Caridean shrimp from polar and temperate regions typically have high reproductive outputs [12-44%] (Clarke et al., 1991; Lardies and Wehrtmann, 1997; Wehrtmann and Lardies, 1999) , and the value of this study [23%] falls in the above range. This value was greater than that reported for deep-sea crabs [16-22%] (Hines, 1988) (Pavanelli et al., 2008) , several crangonid shrimp, viz., C. crangon, Notocrangon antarcticus (Pfeffer, 1887) , Sabinea septemcarinata (Sabine, 1824) [12-17%], hippolytid shrimps, viz. Chorismus antarcticus (Pfeffer, 1887) , Lebbeus polaris (Sabine, 1824) [13-17%] , and Pandalus borealis Krøyer, 1838 [18%] (Clarke, 1987) . However, the reproductive output of this study is similar to that reported for Pandalus montagui Leach, 1814 [24%] (Clarke, 1987) , P. trispinosus [24%] (Oh and Hartnoll, 1999b) , and the winter broods of C. crangon [20%] (Oh and Hartnoll, 2004) .
Results from studies of the change in brood mortality with female size vary widely (Kuris, 1991; Hartnoll, 1999b, 2004; Wehrtmann and Lardies, 1999; Figueiredo et al., 2008a; Pavanelli et al., 2008) . Kuris (1991) reported that while 30% of studies showed a decrease in brood loss with increasing female size and 20% of studies showed a relative increase in egg mortality with increasing female size, about half of studies showed a constant proportional brood loss with increasing female size. The present study showed that brood mortally did not change with female size (the slopes for egg number and brood dry weight for female CL were not significantly different between egg stages). Reports on egg loss by egg-carrying caridean shrimp are widely scattered in the literature and range from 3% to 71% depending on species (Balasundaran and Pandian, 1982; Hong and Oh, 1989; Kuris, 1991; Hartnoll, 1999a, 2004; Wehrtmann and Lardies, 1999) . Calculated as the difference in egg number or brood dry weight between early and late egg stages, brood loss in the present study was much less than brood loss in other crangonid shrimp species (17-33%) (Hong and Oh, 1989; Hartnoll, 1999a, 2004) , but still was within the observed values suggested by Kuris (1991) .
Egg predators, such as nemertean parasites, can be a major source of brood loss for decapod crustaceans (Kuris, 1991, for review) . However, these parasites have not been observed in C. uritai in this study, nor in any other crangonid shrimp species Hartnoll, 1999a, 2004) . It is possible that these parasites have not been observed in crangonid shrimp before because they have rapid ecdysis, rapid deposition of external spermatophores during mating and highly specialized grooming appendage which remove egg predators (Kuris and Wickham, 1987) . The burrowing behavior of C. uritai in sandy substrates might explain some egg loss seen in this study. Crangonid shrimp attach eggs from periopods 4 and 5 to pleopods 1 through 4, which are exposed to the environment. As the shrimp burrow, part of the egg mass may be abraded by the substrate, resulting in egg loss Hartnoll, 1999a, 2004) . Another possible explanation is that increased egg volume during incubation creates a shortage of space and increases pressure on eggs as they develop (Oh and Hartnoll, 1999a) .
